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Introduction
Benign paroxysmal vertigo (BPV) was first described by Basser in 1964 1 . The pathogenesis of BPV is still unknown. The onset is usually between three or four years of age, but may occur even later at the age of seven or eight. BPV attacks always occur spontaneously in healthy children with no signs of previous illnesses. The attacks cease spontaneously after several months or more frequently several years, without residual disability 2, 6, 10 . The main symptom is vertigo. Consciousness is not impaired during BPV attacks. Tinnitus, deafness and headaches are not present. Nystagmus is seen during the attacks in some cases but not between the attacks 1, 14 .
The attack may occur at any moment when children are standing, running, sitting or lying. Duration of the attacks is very brief, lasting less than a minute and rarely lasting more than a few minutes. During severe attacks children become pallid, frightened, very weak, incapable to move, and have intensive perspiration. Some of them have episodes of head-tilt 15 . During less severe attacks children run to their parents and strongly hold onto their clothing until the attack ceases. A short time after the attack, children recover completely, usually within 1 to 3 minutes. The attacks recur at varying intervals in children. They may occur every day, every week, after 6 to 8 weeks, or after 6 to 12 months. Children are well between the attacks. The attacks cease spontaneously after a few months, usually within a few years, without any residual disability.
No abnormalities are found in otological, neurological or radiological examinations. The abnormal finding is demonstrated by the caloric tests which show disorders of vestibular function in the form of complete unilateral or bilateral canal paresis. These disorders cease after the attacks 10,13 . EEG and NMR of the brain are normal.
At present, the theory that BPV might be a migraine equivalent or a migraine precursor is widely accepted 3, 8, 9, 14 . A large number of follow-up studies show that most of the children suffering from BPV develop some features typical of migraine during adulthood 2, 3 . Other studies show that most of the children have also a positive family history of migraine 10, 19 .
Case Reports
This study included 2 girls and 2 boys. The children were examined on an individual basis over a period of 7 years.
Case 1 (I. B.)
The boy had his first attack at the age of 4. Before that attack he was healthy and was feeling well. The attack occurred suddenly, without warning and lasted less than a minute. Before the attack the boy was playing in the garden. Suddenly he became frightened and pale. He ran to his mother, crying and clinging tightly to his mother's clothes. During the attack the boy did not lose consciousness. The main symptom was vertigo. There was no vomiting, tinnitus, deafness, nystagmus, or headaches during, after or between the attacks. Sweating was present during some attacks.
After the attack the child recovered quickly within 2 to 3 minutes and continued to do what it was doing previously. Between the attacks the child was feeling well. The attacks recurred every 6 months for the next 7 years and at the age of 11, they ceased spontaneously.
There was no history of otitis media. The medical examinations did not show any signs of otological, neurological and radiological abnormality.
The caloric test showed bilateral canal paresis. The electroencephalogram (EEG) and Nuclear Magnetic Resonance (NMR) of the brain were normal.
There was no personal or family history of epilepsy.
Case 2 (M. K.)
This girl had her first attack when she was three and a half years old. She was previously well and healthy. All her attacks were similar. They occurred without warning and lasted less than a minute. During the attack she was not able to move or do anything. The main symptom was vertigo. Consciousness was not impaired. There was no nystagmus, vomiting, headache, tinnitus, or deafness during, after or between the attacks. Sweating has been noted during some attacks. The complete recovery after the attacks was very quick, within 1 to 3 minutes. Between the attacks the girl was feeling well. The attacks occurred once a year and continued for the next 6 years and ceased spontaneously when she was nine and a half years old.
The medical examinations did not show any signs of otological, neurological and radiological abnormality. The caloric test showed normal findings on the right and canal paresis on the left side.
There was no personal or family history of epilepsy. The child's mother suffers from migraine attacks.
Case 3 (M. B.)
This girl had her first attack when she was nineteen months old. The attacks recurred repeatedly every two to six months and lasted between one and a half to two minutes. They spontaneously ceased at the age of 7. During the attacks, the girl could not stand up without support. She was pale, frightened and very weak. Consciousness was not impaired. Nystagmus and sweating were observed during 3 attacks. There was no vomiting, tinnitus or headaches. The complete recovery was within in 1 to 2 minutes after the attacks.
No abnormalities were found in the otological, neurological and radiological examinations between the attacks. There were no signs of tinnitus or nystagmus between the attacks. The caloric test showed canal paresis on the left side.
Case 4 (I. K.)
This boy had his first attack when he was seven and a half years old. He was completely healthy before the attack. On his way to school he suddenly sat on the ground because of vertigo attack. During the attack he was pale, frightened and sweated profusely.
The complete recovery was quick, in less than 3 minutes, and he was able to walk to school. The attacks occurred repeatedly every 4 to 6 weeks for the next 7 years, and they ceased spontaneously at the age of 14. All of the attacks were similar. They lasted less than a minute. There was no tinnitus, deafness, headaches, vomiting, or nystagmus during or after the attack. The main symptom was vertigo.
The boy was feeling well between the attacks, without otological, neurological and radiological examinations abnormalities. The caloric test showed canal paresis on the left side. There was no history of otitis media and no personal history of epilepsy. Two of the boy's aunts suffered from regular migraine attacks. 
Discussion
The diagnosis of childhood BPV can be established on the basis of the typical anamnesis and absence of hearing disorders, absence of nystagmus between the attacks, absence of neurological disorders and normal NMR findings. Horizontal semicircular canal paresis or paralysis can be found in some children with BPV; in some the excitability of the horizontal semicircular canal remains normal 12,18 .
We did not use the Vestibular Evoked Myogenic Potential (VEMP) during the diagnostic procedure in our patients. The dysfunction of the VEMP could be the sign of a saccular dysfunction, or a dysfunction of the reflex arc beginning with the saccule and going through the lower brainstem while reaching the sternocleidomastoid muscle. Some authors described the dysfunction of the VEMP in BPV 13, 15, 19 , but the explanation of this phenomenon does not exist.
Recently some theories have been developed about ischemia of vestibular pathways as the factor triggering the BPV attack 7, 16, 19 . Cerebral vasospasms, as they occur in migraine could reduce labyrinthine artery perfusion and cause ischemia of the inner ear 4, 11, 17 .
This theory is supported by high stimulus rate Brainstem Evoked Potentials (BEP) and the Transcranial Doppler (TCD) measurements. High stimulus rate BEPs are more sensitive to detect synaptic dysfunction than the usually used BEPs 4 . The TCD detects changes in cerebral blood flow velocity 5 . According to Zhang et al., high stimulus rate BEP as well as the TCD showed abnormal results in nearly half of the children suffering from BPV 19 .
Conclusion
BPV in childhood goes often unrecognized. This problem should receive more attention because vertigo in children is more common than previously thought. The theory that BPV might be a migraine equivalent or a migraine precursor is widely accepted. In the pathogenesis of BPV, ischemia of the inner ear due to vasospasm may be involved as a triggering factor. 
